The CapR protein is an ATP hydrolysis-dependent protease as well as a DNA-stimulated ATPase and a nucleic acid-binding protein. (37, 45) , and the protein has been purified to homogeneity (7, 44) . The protein is a tetramer (6), with subunits of 94 kilodaltons, that has multiple enzymatic activities: an ATP hydrolysis-dependent protease activity (7, 8), a DNA-stimulated ATPase activity (5), and a nucleic acid-binding activity (7, 44) . In addition, a defective CapR protein (CapR9) has been purified. The CapR9 protein retains the general nucleic acid affinity (7, 44) but has lost both the protease activity (6, 7) and the DNA-stimulated ATPase activity (5). capR mutants display several phenotypic alterations, including overproduction of capsular polysaccharide (20, 23, 24) , increased sensitivity to UV and ionizing radiation (1, 20, 25, 42) , inhibition of cell division resulting in filament formation (1, 12, 37, 42) , reduced lysogenization by bacteriophages lambda and P1 (24), and reduced degradation of abnormal (3, 14, 15, 38) and normal (11, 28, 35, 36) polypeptides. These pleiotropic effects may be because the proteolytic function of the CapR protein either activates or inactivates substrates. Recently, the CapR protein has been shown to belong to the unique group of proteins that are heat shock inducible (13, 31) .
The capR (lon) gene of Escherichia coli has been cloned (37, 45) , and the protein has been purified to homogeneity (7, 44) . The protein is a tetramer (6) , with subunits of 94 kilodaltons, that has multiple enzymatic activities: an ATP hydrolysis-dependent protease activity (7, 8) , a DNA-stimulated ATPase activity (5) , and a nucleic acid-binding activity (7, 44) . In addition, a defective CapR protein (CapR9) has been purified. The CapR9 protein retains the general nucleic acid affinity (7, 44) but has lost both the protease activity (6, 7) and the DNA-stimulated ATPase activity (5) . capR mutants display several phenotypic alterations, including overproduction of capsular polysaccharide (20, 23, 24) , increased sensitivity to UV and ionizing radiation (1, 20, 25, 42) , inhibition of cell division resulting in filament formation (1, 12, 37, 42) , reduced lysogenization by bacteriophages lambda and P1 (24) , and reduced degradation of abnormal (3, 14, 15, 38) and normal (11, 28, 35, 36) polypeptides. These pleiotropic effects may be because the proteolytic function of the CapR protein either activates or inactivates substrates. Recently, the CapR protein has been shown to belong to the unique group of proteins that are heat shock inducible (13, 31) .
In this report we present the sequence of the EcoRIHindIII fragment (590 bases long) that contains the regulatory region of the capR gene (37) . Evidence that the EcoRI-$alI fragment of the capR gene contains a heat shock promoter was provided in a recent study (13) . There is only one HindIll restriction site in pJMC22, in the capR DNA fragment at 0.6 kb from the EcoRI site. To map restriction sites from this HindIII site, the 5' ends were labeled with [a-32P]ATP (27) . HindIII-digested pJMC22 end labeled with a-32P was then cut with EcoRI and SaIl, and the two labeled bands of 0.6 (EcoRIHindIII) and 1.5 (HindIII-SalI) kb were isolated on a 4% polyacrylamide gel (26) . A sample that included the end-labeled DNA fragment and 1 pLg of unlabeled pBR322 DNA was incubated with 0.5 U of each restriction enzyme for 1, 5, or 10 min at 37°C. Restriction enzymes were inactivated by incubation at 65°C for 10 min. The digests were analyzed by radioautography after electrophoresis through a 6% polyacrylamide gel (26) . Kodak (27) . DNA fragments isolated from low-melting-point agarose gels were cloned into appropriate vectors. A HindIII-EcoRI fragment of 590 base pairs was cloned (see Fig. 2 (33) . An ambiguity in the DNA sequence between coordinates 40 and 60, due to compression on the polyacrylamide gel, was resolved by rerunning the samples on a polyacrylamide gel containing 25% formamide (A. Coulson, personal communication).
The nucleotide sequence was compiled and analyzed with the Staden computer programs (39) . The EcoRI-Hinfl (0 to 154 base pairs) and the Hinfl-HindIII (421 to 592 base pairs) sequences ( Fig. 1) were verified by the sequencing procedure of Maxam and Gilbert (26) .
N-terminal protein sequencing. The CapR+ and CapR9 protein preparations used for sequence determination were the purest preparations described (7). The protein samples were applied to the gas phase sequenator, and the amino acid sequences were determined (18) . For determination of the N-terminal methionine of the CapR9 protein, the protein was first precipitated as described previously (41) .
RESULTS
Previous studies identified the DNA region that contained the capR gene (23, 45) and localized the promoter region and direction of transcription and translation (37, 44) . Those results were established as correct in the present study, as indicated in Fig. 1 .
The restriction cleavage site map of the EcoRI-SaIl fragment of the capR gene and the sequencing strategy are shown in Fig. 1 . It should be noted that the coding region of the CapR protein starts 418 bases from the EcoRI cleavage site.
The nucleotide sequence of the EcoRI-HindIII fragment and the amino acids of the N-terminal end of the CapR protein are shown in Fig. 2 . The first 14 N-terminal amino acids of the CapR9 protein were also determined (Fig. 2) . The same amino acid sequence was obtained as for the CapR protein except that amino acids 1, 12, and 14 were not identified due to technical difficulties. These amino acids correspond to the sequence predicted by the nucleotide sequence of the capR+ gene DNA.
DISCUSSION
The N-terminal amino acid sequence of both the wild-type (CapR) and mutant (CapR9) proteins was the same as far as it was determined (Fig. 2) . This finding is consistent with the fact that the capR9 mutation mapped in the region of the DNA that specifies the C-terminus of the protein (37) . Comparison of the actual N-terminal amino acid sequence of the CapR protein with all possible predicted amino acid sequences (determined from the nucleotide sequence) revealed the protein coding sequence (Fig. 2) . From the amino acid and nucleotide sequences, it is clear that the mature CapR protein is not processed at the N-terminal end, i.e., there is no zymogen form as there is with many classic proteases. Zymogens serve the function of providing an essentially inactive precursor form as a mechanism of regulation. An alternative regulatory mechanism for the CapR protein may be its requirement for ATP hydrolysis (or other triphosphates or deoxytriphosphates) for its proteolytic activity (7; unpublished data). The RecA protein of E. coli also requires ATP to exhibit proteolytic activity, but in contrast to the CapR protein, ATP hydrolysis is not necessary (9) .
The RecA protein also does not have a zymogen form, although the mature protein has alanine at the N-terminus, indicating that the initiating methionine has been removed (19, 32) .
Further inspection of the capR gene DNA sequence reveals a putative Shine and Dalgarno sequence, AAGAG, eight nucleotides 5' to the ATG initiation codon of the gene (Fig. 2) (30, 40) . The groES DNA sequence was provided by R. Hendrix and C. Woolford (unpublished data), and the dnaKp1 and dnaKp2 sequences were provided by D. Cowing, J. Bardwell, E. Craig, and C. Gross (unpublished data). The rpoDphs DNA sequence has been published (4) and was determined to be a promoter by promoter cloning and S1 nuclease mapping (40) . The -35 and -10 sequences (boldface type) for all putative promoters (except rpoDphs) were determined from comparison with the E. coli consensus sequences shown at the top of the figure (17) . The A + T-rich regions 5' to the -35 region are underlined, as are the multiple C's 5' to the -35 and -10 regions. The multiple G's in the capR and groES genes are also underlined. respectively (Fig. 2 ). An SOS consensus sequence [CTGT (9N) CAG (22)] is not present. An "approximated SOS sequence" starting at base 186 ( Fig. 2) (CTGATTTATG GCAAG) is present. However, experimental conditions that induced two SOS proteins, the RecA and SulA proteins (nalidixic acid [35] ), did not induce the CapR protein as determined by two-dimensional gel analysis (unpublished data). A cyclic AMP receptor protein consensus sequence (10) was not present in the regulatory region of the capR DNA.
Recent studies have determined that the capR gene is one of 17 heat shock genes (13, 30, 31) . The DNA sequences of a few of these genes have been determined (Fig. 3) . The sequences are limited to the putative RNA polymnerase-binding regions. There are two general features that can be observed in the five sequences. First, there are either four or five C's immediately 5' to the -10 region (capR and the second promoter of dnaK [dnaKp2%, to the -35 region (the rpoD heat shock promoter [rpoDphs]) or to both the -10 and -35 regions (groES and dnaKpl). Second, there is an A+T-rich sequence of 10 to 17 nucleotides 5' to the -35 regions (underlined in Fig. 3 ). We also note that between the -35 and -10 regions, there are five (capR) and four (groES) consecutive G's that could form a stem and loop with repeats of the C's previously noted.
Perhaps some of the sequences underlined in Fig. 3 represent binding or recognition sites for the HtpR protein, a sigma factor that promotes transcription initiation at heat shock promoters (16, 21, 29, 43) . Recently, the heat shock promoter of rpoD has been localized within the adjacent dnaG structural gene by promoter cloning and Si nuclease mapping. Specifically, deletion analysis indicated that the C-rich region in the -45 to -35 region of the promoter was necessary for full heat shock activity (40) .
The physiological role of the CapR protein in the heat shock response is not known. It probably is not critical for cell survival because neither we nor others have observed that lon mutant strains are particularly sensitive to growth at high temperature (see reference 31 for a discussion). Recent attempts to assess the contribution of the CapR protease to proteolysis in the heat shock response vis a vis the HtpR protein (which could also have a proteolytic role independent of the CapR protease) have led to different conclusions (2, 13 
